ABSTRACT White Leghorn chicks were fed corn-soybean meal diets containing 20,17,14, and 11% protein, with similar levels of energy, from hatch to 16 wk of age. Body weights at 16 wk were similar for pullets fed the 20 and 17% protein diets, but were reduced by 11 and 27% for birds fed the 14 and 11% protein diets, respectively, as compared with the 20% protein diet. At 16 wk of age, all birds were placed on a common 17% protein laying diet. Pullets fed the 14 and 11% protein laying diets were slightly slower coming into production, however, by 28 wk of age egg production was similar for all four growing treatment groups and remained so until the end of the experiment. Average egg weight was similar for pullets fed the two higher levels of protein during the growing period and significantly lower for those pullets fed the 11% grower diet for all except the 28-and 32-wk periods. Pullets fed the 14% grower diet produced eggs with average weights significantly lower than those for the higher protein diets from 40 to 58 wk of age. Although the results might be interpreted as indicating that higher protein growing diets result in body protein reserves that subsequently enhance egg size, it is more likely that the pullets consuming lower protein diets produce smaller eggs because they have smaller body weights.
INTRODUCTION
A great deal of work has been reported on the protein and energy requirements of laying pullets to point of lay (Wright et al., 1968; Summers and Leeson, 1978; Carlson and Nelson, 1981; Summers, 1993) . It would appear from recent reports (Summers et al., 1987 (Summers et al., , 1991 Leeson and Caston, 1991; Summers, 1993) that, regardless of the type of diet fed during the rearing period, body composition and body weight at point of lay are the main considerations of a good pullet rearing program. Cave (1984) and Brake et al. (1985) reported that nutrient intake during the immediate prelay period was a major factor influencing laying performance of broiler breeders. These authors suggested that the feeding of higher protein diets during this period allowed for the accumulation of protein reserves in the body, which resulted in increased egg production and in some cases larger egg size during the subsequent laying period. Hence, the aim of the present study was to investigate whether there were similar carry-over effects from the growing period when White Leghorn pullets were fed diets varying widely in protein level.
MATERIALS AND METHODS
Day-old White Leghorn pullets were randomly distributed to 32 growing cages until there were 10 birds per cage. Eight such cages were placed on one of four corn-soybean meal diets containing 20, 17, 14, and 11% protein, respectively. All diets contained similar quantities of energy (approximately 2,950 kcal ME/kg of diet).
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Diets are shown in Table 1 (Diets 1 to 4). The above diets were fed, in mash form, until the birds were 16 wk of age. Body weights and feed intakes were recorded at 4, 8, 12, and 16 wk of age. At 8 wk of age, five birds were removed from each cage and placed in the cage above. Thus, although there were now two cages of five birds each per replicate, they were considered one replicate for data analysis.
At 16 wk of age, pullets of average weight, for the particular treatment group, were moved to individual laying cages. Four cages, fed from a common feeder, constituted a replicate and 16 such replicates of each growing treatment were randomized throughout the pen. All birds were now fed a 17% protein corn and soybean meal laying diet (Table 1 , Diet 5) to 58 wk of age. Feed intake and egg numbers were determined every 28 d, and a 3-d sample of eggs saved per period to determine average egg weight. The birds were weighed at 20, 28, 40, 46, 50, 54 , and 58 wk of age. At 8, 12, and 16 wk of age, four replicates for each dietary treatment were used to measure nitrogen excretion.
Aluminum foil was placed under the cages for 4 d. Feces were weighed, thoroughly mixed, and a 300-g sample taken and freeze-dried. The dry sample was finely ground and an aliquot taken for duplicate nitrogen analysis.
Statistical Analysis
Data for each period were subjected to one-way analysis of variance (SAS Institute, 1985) . Means with a significant F test were compared using Duncan's multiple range test (Duncan, 1955) .
RESULTS AND DISCUSSION
Performance of pullets to 16 wk of age is shown in Table 2 . There were no significant differences in body weight (with the exception of Week 16) or feed intake for the 20 and 17% protein diets. However, body weight and feed intake were markedly reduced with the 14% protein diet and even further depressed with the 11% diet. At 4, 8,12, and 16 wk of age, weight was reduced by 20, 23,16, and Supplies per kilogram diet: vitamin A, 8,000 IU; cholecalciferol, 1,600 IU; vitamin E, 11 mg; riboflavin, 9 mg; pantothenic acid, 11 mg; vitamin B 12 ,13 jig; niacin, 26 mg; choline, 900 mg; vitamin K, 1.5 mg; folic acid, 1.5 mg; biotin, .25 mg. 10%, respectively, for the 14 vs the 20% protein diet. A similar comparison for the 11% protein diet gave values of 48, 59, 53, and 27%. Thus, as previously reported (Leeson and Caston, 1991; Summers, 1993) , wide differences in early pullet growth, resulting from feed or management programs, tend to be overcome as the bird approaches a mature pullet weight.
Feed intake followed a similar pattern to weight gain during the early growing period (0 to 4 wk of age) with the differences in consumption between the 20 and 11% protein diets being 23.5%. However, by the 12-to 16-wk period the difference in feed intake, for the same comparison, was reduced to only 1.7%. This again demonstrates the ability of the pullet to increase feed consumption in an attempt to achieve a mature body weight as it approaches sexual maturity. Feed intake for birds fed the 20% protein diet during the 12-to 16-wk period was 1.54 times the 16-wk body weight, whereas intake was 2.07 times for a similar comparison for the 11% protein diet.
Because all diets were equal in ME, the feed intake data would mirror energy intake. Thus, although energy intake varied by 29.3% for birds fed the four diets to 4 wk of age and 7.4% for the 12-to 16-wk period, similar comparisons for protein intake were 57.9 and 46%, respectively. Thus, as reported by Summers and Leeson (1993) , energy intake would appear to be the main factor influencing feed intake of pullets, which, in turn, has a marked influence on intake of dietary protein and hence body weight gain. For example, the body weight of birds fed the diet containing 11% protein was approximately 73% of that for birds fed the 20% protein diet, whereas protein intake for the same comparison was 976 vs 407 g. Thus, although pullets eat mainly to satisfy their energy requirement, it is the absolute intake of protein that is the main factor controlling final body weight.
Although the two lower protein growing treatments resulted in a delay of pullets coming into production (Table 3) , by 28 wk of age there were no significant differences between any of the growing diet treatments on subsequent production. For the feed intake data, only in Period 2 (24 wk) was there any significant difference between grower diet treatments. Average egg weight was significantly lower for pullets fed the 11% protein grower diet as compared with those fed the 20 and 17% protein diets, with the exception of the 28-and 32-wk periods. Hens fed the 14% protein grower diet a-dMeans with no common superscript differ significantly (P < .05). **P < .01.
produced eggs with weights intermediate to those of hens consuming the lower and two higher protein grower diets. The rapid overcoming of any grower treatment effect and failure for grower treatment regimen to materially alter laying house performance, is in agreement with previously reported work (Leeson and Caston, 1991) . However, one is cautioned in interpreting such results directly to commercial conditions, under which environmental stress may require a longer period of time for pullets to overcome detrimental effects in the growing period.
Pullets fed the 11% protein grower diet were significantly smaller throughout the laying trial than those fed higher levels of protein in the growing period (Table 4) . Pullets fed the 20% grower diet gained around 7.8% in body weight from 20 to 28 wk; however, birds fed the 11% grower diet gained 16.7% in body weight during the same period. Hence, birds fed the 11% grower had to partition a much greater percentage of their feed during the early stages of production into body weight gain. This undoubtedly accounts for the lower body weight of these birds throughout the laying period and hence the smaller egg size.
Pullets fed the 20% protein grower diet increased body weight by approximately 22% comparing their 20-and 58-wk weights. A similar comparison for birds fed the 11% protein grower diet showed a 33% increase. However, if one compares the 28-wk weight of those pullets fed the 11% protein grower diet (which would be considered a mature body weight for the onset of production) with their 58-wk weight, an increase of around 13% was noted. A similar increase was noted for the same comparison for those hens fed the 20% protein grower. Thus, as reported by Hurwitz and Bar (1971) , once pullets reach a mature body weight, body weight increases at a constant and relatively slow rate throughout the egg production cycle.
Although it is obvious that pullets fed 17 to 20% protein diets grow faster in the Means with no common superscript differ significantly (P < .05). *P < .05. **P < .01. '-b Means with no common superscript differ significantly (P < .05). **P < .01.
early stages of the growing period than birds fed lower protein diets, these lower weight pullets will mature and perform quite satisfactorily if they are managed properly coming into production. The smaller eggs produced by pullets of lower body weight would have to be evaluated in light of the particular market being served.
It is very important that a mature pullet body weight is attained before pullets are stimulated into production. Increased day length will stimulate underweight pullets into production. However, in many cases, problems are encountered with such flocks. Birds fed the low protein grower diet had almost double the mortality of the other diet treatments (Table 4 ). All of the birds that died (for all diet treatments) weighed less than 1,000 g. All of these birds laid at least one egg and some many more. However, with such a low body weight it would seem that the pullet does not have the body reserves and stamina to function properly as a laying hen. Why such hens die rather than just going out of production is not readily apparent. It could be something similar to the paralysis and death noted with hens fed a lowcalcium diet; those hens continue to lay even though they deplete themselves of a critical nutrient, which often results in death (Shen et al, 1981) .
There is little indication that the feeding of higher protein diets in the growing period results in any long-term effect on performance during the laying period. Although it is true that pullets may come into production early (often due to heavier weights as shown in the present study) these effects quickly disappear with respect to egg numbers produced. Although the reports of Cave (1984) and Brake et al. (1985) reported more eggs resulting from broiler breeders fed higher protein growing diets, there are many reports suggesting that this is not the case with Leghorns (Leeson and Summers, 1979; Doran et al, 1983; Robinson et al, 1986; Summers et al, 1987) . Bowmaker and Gous (1989) suggest that broiler breeders require far less protein during the prelay period than currently recommended. They reject the hypothesis of Cave (1984) and Brake et al. (1985) that the feeding of high-protein diets in the prelay period will lead to reserves of labile protein in the body, which can be drawn on at later stages of production to enhance performance. Bowmaker and Gous (1989) measured protein content of liver and found that any differences noted prior to onset of lay, due to diet treatment, quickly disappeared and thus any long-term effect on grower treatment influencing egg production is questionable.
Also, the production curves for both the work of Cave (1984) and Brake et al. (1985) only peaked at around 70% before falling quite markedly. Such production is not typical of a normal flock of broiler breeders. Leeson and Summers (1980) presented data that showed that liver weights and carcass composition were altered very little from 20 to 30 wk for White Leghorn pullets fed a regular vs a step-up protein feeding regimen to 19 wk of age. Such observations would tend to confirm the observations and conclusions reached by Bowmaker and Gous (1989) for broiler breeders.
One important consideration of lower protein growing diets is the decrease in nitrogen excretion from the birds. In the present era, when potential pollutants are receiving considerable attention, reducing nitrogen in waste material has to be an important consideration.
Nitrogen excretion was measured during the growing period at 8,12, and 16 wk of age (Table 5 ). Excretion of nitrogen decreased both as a percentage of dry fecal material, as well as in grams per bird per day when dietary protein was reduced from 20 to 11%. Comparing the nitrogen excretion of birds fed the 20% protein diet with those fed the 14% protein diet, approximately 40% less nitrogen was excreted with the lower protein diet. Because both lots of birds performed reasonably similar in the laying house, the results demonstrate the potential for reduced nitrogen excretion with pullets during the growing period.
Almost double the amount of nitrogen was excreted at 16 vs 8 wk of age. This demonstrates the marked reduction in protein required by the pullet as it ages. Again, the potential for saving protein and reducing nitrogen excretion is evident. Besides the reduction in nitrogen excretion there is a marked economic advantage to feeding lower protein diets.
